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| INTRODUCTION
Physical inactivity is a major risk factor for numerous noncommunicable diseases, which are responsible for a large share of the morbidity and mortality in Switzerland. 1 The prevalence of physical inactivity in adults in Switzerland is 28% but differs substantially among the three language regions (German-, French-, and Italian-speaking). 2 In fact, language region has been shown to be a strong correlate of physical activity independent of socio-demographic or environmental factors. 3 For example, French-speaking parents have been observed to be more likely to drive their children to school compared to German-speaking parents, indicating that habits and beliefs about the proper way of performing everyday tasks may differ between Swiss language regions.
regions form an interesting case for analyzing the influence of cultural differences on the burden of physical inactivity especially as nationwide health policies and regulations apply (including health insurance law and benefit package) and uniform nationwide data exist. Disability-adjusted life years (DALYs) in combination with economic burden can be used to measure the burden of a disease or a health behavior such as physical inactivity imposes on society. 6 DALYs combine in one measure years of life lost due to premature mortality (YLL) and years lived with disability (YLD). Therefore, they measure the difference between the current situation and an ideal situation in which everyone would live up to the age of standard life expectancy and in perfect health. The economic burden is described by medical costs and productivity losses caused by the disease or health behavior. An early study estimated the economic burden of physical inactivity in Switzerland at 2.384 billion Swiss francs in the year 2000. 7 However, this study did not analyze language region-specific differences and did not estimate DALYs. Furthermore, the prevalence of physical inactivity has decreased over the last years. Although this decrease can be observed in all language regions, the gap between the German-speaking region, where the prevalence of physical inactivity is lower, and the French-and Italian-speaking regions is widening. 2 A better understanding and awareness of the regional differences in the burden of physical inactivity and their consequences are needed to support the optimal allocation of resources in physical activity promotion policies in Switzerland and might also be of interest for other multicultural societies. Furthermore, this study contributes to the international literature by considering some conditions not included in many previous studies, namely low back pain and depression, using population attributable fractions (PAFs) based on risk ratios (RR) adjusted for confounders and addressing uncertainty with sensitivity analyses to estimate robust and transparent results. 8 This study estimates the current Disability-adjusted life years, medical costs and productivity losses of physical inactivity in Switzerland and for the three language regions separately.
| MATERIALS AND METHODS

| Overview
We estimated the burden of physical inactivity from a societal perspective with a prevalence-based top-down approach using population attributable fractions (PAFs) and the latest data available for Switzerland. In a first step, we identified from previous studies the diseases for which physical inactivity is a recognized risk factor. Total DALYs, medical costs, and productivity losses of these diseases were then retrieved from the global burden of disease (GBD) study and a recent study on the costs of non-communicable diseases in Switzerland. 1, 9 In order to analyze the fraction of this total burden that is attributable to physical inactivity, we combined estimates of the prevalence of physical inactivity stemming from the most recent Swiss Health Survey with literature-based estimates of disease incidence in the presence vs. absence of physical inactivity and resulting risk ratios (RR). The combination of these two types of parameters allowed us to estimate PAFs, which describe the proportion of disease occurrence that can be attributed to a certain risk factor. In other words, the PAFs describe the proportion of a disease occurrence that could be prevented by entirely eliminating the risk factor for physical inactivity. Figure 1 gives an overview of the methods. This study follows the recently published checklist for reporting estimates of the economic burden of risk factors. 
| Diseases included in the analysis
Epidemiological studies consistently show substantial association between physical inactivity and the occurrence of the following diseases: coronary heart disease, hypertension, stroke, diabetes type 2, breast cancer, colon cancer, osteoporosis, back pain, and depression. We included all of these nine diseases in our analysis. Most of these diseases were also considered in previous studies investigating the burden of physical inactivity. 6, 10, 11 However, only one previous study included back pain and depression. 7 Although these two diseases have no impact on mortality, they incur a substantial economic burden due to high treatment costs and productivity losses. 9 Consequently, we decided to include them as well.
| National data on economic cost and health burden of diseases
Estimates of the annual total medical costs of the diseases for which physical inactivity is a recognized risk factor stem from the most recent study on the costs of non-communicable diseases in Switzerland. 9 This study took into account total medical costs of all health care services (inpatient and outpatient services and drugs), irrespective of the actual payer. Costs for hypertension were not reported in this study. We therefore used estimates from a recent study specifically investigating costs of antihypertensive therapy in Switzerland. 12 In our study, we extrapolated all costs to the year 2013 based on the increase in health care spending. Annual productivity losses were estimated with a human capital approach. For all diseases except hypertension, results from the above-described study by Wieser et al 9 were used.
To estimate productivity losses for hypertension, we used the Cause of Death Statistic, the Swiss Labor Force Survey and the Swiss Earnings Structure Survey. [13] [14] [15] Future productivity losses due to premature mortality were discounted to present value at a 2% rate. Details are described in Supporting Information Section 1. We extrapolated productivity losses to the year 2013 according to the nominal wage increase. We estimated DALYs per disease based on the GBD study 2013. 1 We used the following groups: hypertensive heart disease for hypertension, ischemic heart disease for coronary heart disease, ischemic stroke for stroke, diabetes mellitus for diabetes type 2, breast cancer for breast cancer, colon and rectal cancer for colon cancer, falls for osteoporosis, low back pain for back pain, and depressive disorders for depression.
| Estimation of burden per language region
We divided the national disease burden by the number of prevalent disease cases in Switzerland (Supporting Information Section, Table S1 ) and then multiplied the resulting burden per case (Supporting Information Section, Table S2 ) with the number of prevalent disease cases in each language region to estimate the regional disease burden. The prevalent disease cases were estimated from the data of the 2012 Swiss Health Survey and the National Institute for Cancer Epidemiology and Registration. [16] [17] [18] Details about this survey are described in Supporting Information Section 2. All prevalence of disease data were adjusted for the year 2013 based on population data from the Swiss Federal Statistical Office. To allow for regional differences in health care spending, we estimated age-and gender-standardized per capita health care spending for each language region based on the statistics of the Swiss risk compensation scheme. 19 For the productivity losses, we considered regional differences by estimating median wages for each language region based on the Swiss Earnings Structure Survey. 15 
| Prevalence of physical inactivity
We estimated the prevalence of physical inactivity in cases eventually developing a given disease of interest by performing a propensity score matching using the data of the 2012 Swiss Health Survey. 16, 20 This survey identified selfreported physical activity levels. A person was considered as physically inactive, if she/he did not meet the current minimal recommendations for health-enhancing physical activity by the WHO 21 : at least 2.5 hours of physical activity with moderate intensity per week or 1.25 hours of sports with high intensity per week. Covariates included in the propensity score matching were behavior (smoking, alcohol use, eating habits, lifestyle), personal characteristics (sex, bmi, education), and environmental factors (stress at work, language region, urban/rural). More details about the propensity score matching can be found in Supporting Information Section 3.
F I G U R E 1
Overview of methods. The burden of disease in the total population was extracted from literature (1) . The prevalence of physical inactivity in the Swiss Health Survey (2) and literature-based risk ratios of disease incidence (3) were then combined to get the population attributable fraction (PAF) (4). In the last step, the PAF was multiplied with the disability-adjusted life years (DALYs), medical costs and productivity losses in the total population to estimate the burden attributable to physical inactivity (5) | MATTLI eT AL.
| Quantification of risk ratios
We quantified the confounding-adjusted RR for disease incidence resulting from physical inactivity vs. physical activity based on previously published meta-analyses investigating causality between physical activity and a specific disease (Table 1) . Where RR were estimated for different exposure levels, we used the ones closest to our definition of physical activity and inactivity. In case the RR was reported for active people, we used the following formula to obtain the RR for inactive people: RR(inactive) = 1/RR(active).
| Calculation of population attributable fractions
We estimated the population attributable fractions (PAFs) based on the prevalence of physical inactivity reported in the latest Swiss Health Survey and RR for disease incidence extracted from the literature. PAFs can be calculated with different formulae. The most common formula uses the prevalence of the exposition in the total population and the unadjusted RR (formula (1)).
The unadjusted RR do not account for confounding between exposure and disease. Consequently, this formula is only valid if there is no risk of confounding of the association between exposure and disease. 22, 23 In the context of physical inactivity, most recent studies recommend using an alternative formula (formula (2)). 6, 24 This formula considers the prevalence of the exposition in cases finally developing the disease together with the RR adjusted for confounding. In our study, we used formula (2) to calculate PAFs related to physical inactivity.
| Sensitivity analysis
We conducted two scenario analyses and a probabilistic sensitivity analysis. In scenario analysis 1, we used PAF formula (1) instead of formula (2) to analyze the influence of the formula on the national burden of disease attributable to physical activity. In scenario analysis 2, we assumed that the only difference between the language regions would be the prevalence of physical inactivity. Therefore, in scenario analysis 2, we neglected the fact that there are differences in disease prevalence, differences in per capita health care spending, and differences in salaries among the three language regions. The probabilistic sensitivity analysis was conducted to estimate 95% credible intervals (CI). We used the following distributions for this analysis: lognormal distribution for the RR, beta distribution for the prevalence of physical inactivity, uniform distribution for the medical costs and the productivity losses, and gamma distribution for the DALYs. 10 000 Monte Carlo simulations were run. The entire model including the sensitivity analyses was implemented in Excel 2010 (Microsoft, Redmond, Washington, USA).
| RESULTS
| National burden due to physical inactivity
On a national level, we estimated PAFs for physical inactivity at 4.1% (95%CI 1.7%-6.3%) for back pain, 4.3% (95%CI 1.2%-7.2%) for coronary heart disease, 5.0% (95%CI 2.6%-7.1%) for depression, 5.3% (95%CI 2.7%-7.8%) for diabetes type 2, 5.4% (95%CI 2.5%-8.3%) for stroke, 6.7% (95%CI
(1) In the scenario analysis 1, in which we applied a different PAF formula (formula (1)), the medical costs due to physical inactivity in Switzerland in 2013 were estimated at 0.837 billion Swiss francs or at 1.2% of total health care expenditures. Productivity losses were estimated at 0.840 billion Swiss francs and the DALYs lost due to physical inactivity at 44 932 DALYs (Table 3) . These results are 4.0% (productivity losses) to 4.4% (medical costs) higher compared to the base case analysis.
| Burden of physical inactivity in the three language regions
In the German-speaking region (68.6% of the Swiss population), the prevalence of physical inactivity is 23.6%; in the French-speaking region (24.8% of the population), the prevalence is 37.0%; and in the Italian-speaking region (6.7% of the population), the prevalence is 39.1%. Due to these differences in the prevalence of physical inactivity, language region-specific PAFs were highest in the Italian-speaking region, followed by the French-speaking region and the German-speaking region (Figure 2 ). In addition, most of the diseases for which physical inactivity is a recognized risk factor have a higher prevalence in the Italian-and Frenchspeaking regions compared to the German-speaking region (Supporting Information Section , Table S1 ). Per capita health care spending was 3523 Swiss francs in the Frenchspeaking region, 3258 Swiss francs in the Italian-speaking region, and 3174 Swiss francs in the German-speaking region. Finally, the median monthly gross salary was 6481 Swiss francs in the German-speaking region, 6419 Swiss francs in the French-speaking region, and 5437 Swiss francs in the Italian-speaking region. We estimated per capita medical costs due to physical inactivity in the German-speaking region in 2013 at 87 Swiss francs, productivity losses at 96 Swiss francs, and DALYs per 1000 persons at 4.5. Medical costs in the French-speaking region were estimated at 179 Swiss francs per capita, productivity losses at 164 Swiss francs, and DALYs at 8.9 per 1000 persons. In the Italian-speaking region, per capita medical costs were valued at 172 Swiss francs, productivity losses at 153 Swiss francs, and DALYs at 8.6. Figure 3 shows the relative contribution of each language region to the national burden of physical inactivity in 2013.
Disease
Medical costs (million Swiss francs) Productivity losses (million Swiss francs) DALYs
In the scenario analysis 2, in which we assumed that the only difference between the language regions would be the prevalence of physical inactivity, the German-speaking region contributed to 57.9% of the national burden due to physical inactivity, while the French-speaking region contributed 32.8% and the Italian-speaking region 9.4%. Compared to the base case analysis, the per capita medical costs due to physical inactivity were overestimated by 7% in the Germanspeaking region and underestimated by 18% in the Frenchspeaking region and by 10% in the Italian-speaking region.
| DISCUSSION
This study estimated the burden of physical inactivity at 1.610 (95%CI 1.413-1.827) billion Swiss francs plus 40433 (95%CI 34 935-46 487) DALYs in Switzerland in 2013. Low back pain and depression, two diseases not included in most previous studies investigating the burden of physical inactivity, F I G U R E 2 Estimated PAFs for physical inactivity for each language region in Switzerland F I G U R E 3 Contribution of each language region to the national burden of physical inactivity added substantially to the results. Furthermore, the analysis of regional differences revealed that the per capita burden of physical inactivity is about twice as high in the French-and Italian-speaking regions compared to the German-speaking region.
Our results correspond to previous findings from international studies. 0.6% (95%CI 0.4%-0.7%) of health care costs could be attributed to physical inactivity in Switzerland in 2013 when only considering coronary heart disease, stroke, diabetes type 2, breast cancer, and colon cancer. Based on the same set of diseases, Ding et al 6 to the lower prevalence of physical inactivity in Switzerland and, as showed in the first scenario analysis, due to the more conservative PAF formula used in our study. 27 Only a small number of previous studies included productivity losses in their analysis of the economic burden of physical inactivity and due to different methodological approaches, the results of these studies differ widely. Productivity losses four times smaller than the medical costs were reported in one study that used a friction cost approach. 6 Two other studies used a human capital approach. 11, 28 They estimated productivity losses in the amount of the medical costs and twice the amount of the medical costs, respectively. We also used a human capital approach in our study and estimated productivity losses in the amount of the medical costs. A recent study estimated that physical inactivity is responsible for approximately 1.5% of global DALYs. 29 When considering similar diseases, we estimated the proportion at 0.8% (95%CI 0.6%-0.9%). Our lower proportion of 0.8% is mainly due to a relatively low prevalence of physical inactivity in Switzerland.
The findings of our study are also comparable to the results reported by Martin et al 7 who estimated total costs due to physical inactivity in Switzerland in 2000 at 2.384 billion Swiss francs, 48% higher than our estimation for 2013 (medical costs: 1.579 billion Swiss francs, 96.8% higher than our estimation; productivity losses: 0.805 billion Swiss francs, 0.4% lower than our estimation). In comparison with this study, we considered similar diseases, but used up to date medical costs, productivity losses, and RR estimates. As shown in the first scenario analysis, we also used a more conservative PAF formula. When comparing these two studies, it should also be considered that self-reported physical activity behavior changed in Switzerland in recent years. In 2002, 37% of the Swiss population reported to be physically inactive, whereas this proportion decreased to 28% in 2012. 2 To the best of our knowledge, this is the first study that investigated the economic burden of physical inactivity in the three language regions of Switzerland. Although a small country, Switzerland is an interesting case for analyzing the influence of regional cultural differences. Cultural differences often refer to differences in habits and beliefs. There is evidence for different health habits and believes between Swiss language regions. Bringolf et al 3 showed that the environment for physical activity is more favorable, and the socioeconomic status is higher in the German-speaking region compared to the French-speaking region. In their study, however, language region was a strong correlate of physical activity independent of individual, social, and environmental factors. Interestingly, differences between language regions were found also for other health behaviors than physical activity. Faeh et al 30 showed that smoking and daily alcohol consumption were less frequent in the German-speaking region compared to the French-speaking region. Furthermore, cause-specific mortality substantially differed between language regions although all-cause mortality did not differ. Another study investigated Swiss adolescents and showed that self-reported low physical fitness is more frequent in the French-speaking region than in the German-and Italianspeaking regions. 31 In contrast, unfavorable self-rated health was less frequent in the French-speaking region than in the German-and Italian-speaking regions.
We found that the French-and Italian-speaking regions, which are home to 30% of the Swiss population, contribute more than 45% to the burden of physical inactivity. Reasons include a higher prevalence of physical inactivity, higher per capita health care spending, and higher disease prevalence than the German-speaking region. However, higher disease prevalence in the French-and Italian-speaking regions might be due to regional differences in screening and management. 32 Underdiagnosis of diseases in the Germanspeaking region could thus have led to an overestimation of regional differences. The second scenario analysis, in which we assumed that the only difference between the language regions would be the prevalence of physical inactivity, changed the results by 10%. Therefore, as many relevant aspects as possible should be considered when comparing different regions. Our PAFs for the German-and Italian-speaking regions also correspond very well with the PAFs for Germany and Italy from a recent study. 6 Due to differences in the prevalence of physical inactivity (Frenchspeaking region of Switzerland 37.0%, France 23.4%), our PAFs for the French-speaking region are approximately 2% (absolute) higher compared to the PAFs for France from the same study. These observations support the plausibility of our estimates of regional differences. They also indicate that the propensity score matching using Swiss data led to estimates of the prevalence of physical inactivity in cases eventually developing the disease similar to those reported
in a recent study investigating the burden of physical inactivity on a global level. 6 Strengths of our study are the variety of diseases and outcomes (DALYs, medical costs, and productivity losses) considered. Furthermore, the data source for the medical costs addressed a frequent criticism of cost of illness studies, namely that the sum of the cost estimates for single diseases may exceed the aggregate total cost of health care. As Wieser et al 9 decomposed total Swiss health care costs to diseases, double counting of medical costs is not an issue in our study. The GBD study does also adjust the YLD for comorbidities to address potential overestimation of total health loss. In addition, we were able to estimate country-specific correction factors to approximate the prevalence of physical inactivity in cases eventually developing the disease by applying propensity score matching to data from the Swiss Health Survey. This allowed us to use the recommended PAF formula for physical inactivity. 6, 24, 33 The main limitation of our study is the uncertainty arising from the use of secondary data sources. For example, the RR we used for our calculations are not based on a standardized definition and measurement of physical activity and a standardized assessment of confounding. We also assumed equal RR across gender and age-groups. Although we used RR maximally adjusted for confounding and included relevant risky health behaviors such as smoking and alcohol use in the propensity score matching, we cannot preclude that residual joint effects of risky health behaviors may have influenced our results. 34 In addition, there may be other diseases for which physical inactivity will be established as a risk factor. For example, a recent study reported a PAF for physical inactivity and dementia in Europe of 3.7% (95%CI 1.5%-6.9%). 33 However, we
were not able to include this disease in our analysis due to limited data availability for Switzerland. Obesity is not included as a specific primary disease; however, it is reflected in the secondary cardiovascular and metabolic diseases. A further limitation is that response in the Swiss Health Survey was non-random. For instance, responders were of higher average socioeconomic status and reported better subjective health than non-responders. 35 This may have affected our estimates of the burden of physical inactivity. Furthermore, we may have underestimated the prevalence of physical inactivity as the Swiss Health Survey investigates self-reported activity levels. A recent study from Switzerland reported that time spent physically active was 4.2 times higher according to self-reported questionnaires than measured with accelerometers. 36 Several other studies also showed substantial differences between selfreported physical activity and objective measurements. 37 The available RR estimates are also based on self-reported activity levels. Assuming a decreasing risk of disease for increasing physical activity, we would expect higher RR based on accelerometer measurements than based on selfreporting. 38 Our effect estimates are consistent in the sense that both prevalence and RR were based on self-reported physical activity levels, but we would still expect higher PAFs and consequently a higher estimated burden if physical activity was measured objectively with accelerometers. It is also noteworthy that we only investigated the impact of physical activity on primary prevention. There are several diseases in which physical activity is an effective modifier of the course of clinical disease, and one could argue that there is an additional burden related to inactive patients. Furthermore, we did not include home-based and leisurebased production losses in our analysis. Finally, we did not consider costs of myocardial infarctions occurring during physical activity and costs of sport injuries. However, there is evidence that sport injuries especially happen to people that are not regularly active. 39 
| PERSPECTIVES
This study shows that low back pain and depression substantially add to the burden of physical inactivity. Consequently, future studies should consider these two diseases when estimating the burden of physical inactivity. Policy makers aiming at assessing the regional burden of physical inactivity should consider not only the regional prevalence of physical inactivity but also regional disease prevalence and health care spending. In regard to Switzerland, this study shows that physical inactivity causes a substantial disease burden in Swiss adults and that the French-and Italian-speaking regions are overproportionally affected. Investments in interventions aiming to increase physical activity should therefore be considered. Research is needed to identify effective interventions to promote physical activity in the different language regions. Furthermore, we recommend the consideration of regional differences when assessing the cost-effectiveness of such interventions, as regional differences may have consequences for the optimal resource allocation in physical activity promotion policies. This latter aspect may not only be relevant for Switzerland but also for other multicultural countries and other health promotion settings.
